Objectives-Ultrasound (US) lung comets are often observed in patients with interstitial lung disease or congestive heart failure, but few studies have explored the clinical importance of US lung comets in patients with the former condition. We explored whether the US lung comet number could be used to assess the severity of interstitial pneumonia.
I
nterstitial pneumonias are diffuse lung diseases characterized by distortion of the lung interstitium by highly variable combinations of inflammation and fibrosis. 1 As the pathologic features of interstitial pneumonias include irreversible progressive fibrosis, the prognosis is worse than that of other histopathologic subsets of diffuse interstitial lung diseases. Many attempts have been made to develop an effective method of prognostic assessment. Currently, chest highresolution computed tomography (CT), 2, 3 pulmonary function indices, including the forced vital capacity and diffusion capacity for carbon monoxide, 4, 5 and exercise-induced hypoxemia [6] [7] [8] 
serve as
Supplemental material online at jultrasoundmed.org prognostic predictors. Chest high-resolution CT is not only the reference standard for diagnosis but also increasingly used to quantify the extent of interstitial pneumonia; the method is informative and effective. However, it is inappropriate to use chest high-resolution CT for frequent periodic checks of interstitial pneumonia progress. The radiation exposure associated with repetitive high-resolution CT has increased the demand for alternative assessments. Of the various medical imaging modalities, chest radiography is not always helpful when assessing the extent of interstitial pneumonia because the lower lung area behind the heart and diaphragm is invisible; interstitial pneumonia has a predilection for this region. Thus, chest radiographic findings can sometimes be normal, especially early in the disease process. 9 Therefore, it is necessary to devise a novel imaging technique that allows changes in the disease extent to be evaluated.
Ultrasound (US) lung comets are linear artifacts originating from the pleural line and spreading to the lung parenchyma. Recently, US lung comets have received increased attention in clinical research on patients with heart failure 10 and end-stage renal disease accompanied by pulmonary congestion. 11 Interestingly, clinical experience suggests that US lung comets are often observed in patients with interstitial pneumonia. 12, 13 Although the diagnostic and prognostic utility of US lung comets for heart failure is well established, few studies have explored the clinical importance of US lung comets in patients with interstitial pneumonia. This study sought to demonstrate that US lung comets could be used to assess interstitial pneumonia severity. We had 2 aims: (1) to assess the feasibility of transthoracic US (using the dorsal approach) to detect US lung comets in patients with interstitial pneumonia and to determine the prevalence of US lung comets in such patients; and (2) to explore correlations between the lung comet number and other markers of disease severity (chest high-resolution CT findings, pulmonary function tests, serologic tests, and the 6-minute walk test).
Materials and Methods
Patients Forty-five consecutive outpatients with interstitial pneumonia, treated in Akita University Hospital from April 2010 to February 2014, were enrolled in this study. Definitive diagnoses of interstitial pneumonia were made according to the American Thoracic Society/ European Respiratory Society guidelines.
14,15 A diagnosis was confirmed when the appropriate clinical and radiographic features were evident, in combination with the expected histopathologic pattern in surgical lung biopsy specimens. Patients with acute interstitial pneumonia, chronic interstitial pneumonia in the acute exacerbation state, a complication of acute infection or heart failure, emphysema or other interstitial lung diseases, such as sarcoidosis, lymphangitic carcinomatosis, radiation pneumonitis, eosinophilic pneumonia, and hypersensitivity pneumonia, were excluded from the study. We did not establish inclusion criteria concerning the severity and duration of pneumonia. After enrollment, 5 patients were excluded from the study, including 1 patient for acute exacerbation, 1 for a complication of acute heart failure, 2 for misdiagnosis of emphysema, and 1 for drug-induced lung injury. A total of 40 patients with chronic interstitial pneumonia in a clinically stable state were included. All patients underwent chest radiography, chest high-resolution CT, pulmonary function tests, serologic tests, arterial blood gas analyses, the 6-minute walk test, and transthoracic US examinations in our outpatient clinic within 1 month. The study was approved by the Institutional Review Board of the Akita University Hospital Clinical Research Promotion and Support Center (number 1235), and informed consent was obtained from all patients.
Ultrasound Evaluations
Transthoracic US examinations were performed with a HI VISION Preirus instrument (Hitachi Aloka Medical, Ltd, Tokyo, Japan). We used a 7.5-MHz linear transducer to get optimal resolution at the pleural and subpleural regions. The depth was set at 4 to 5 cm so that the reverberation artifact (lung comet) could be detected. The transducer was applied to the posterior chest wall (both the right and left sides) with the patient in a sitting position. We scanned 12 selected locations, consisting of 3 sites on each of the paravertebral, subscapular, and posterior axillary lines of both the subscapular and lung base areas ( Figure 1) ; the lung comets were evaluated. The number of scanned areas and the location of the transducer were determined according to a previous study. 16 The US technique ideally consists of scanning 8 regions to evaluate interstitial syndrome 17 ; we scanned 12 areas. Most research on transthoracic US has used an anterior approach, which is suitable during acute treatment of patients. However, considering the higher prevalence of interstitial pneumonia lesions in the dorsal area and its accessibility to transthoracic US, we used a posterior approach. Transthoracic US examinations were conducted by 2 pulmonologists who practiced chest US imaging a couple of times in advance. A US lung comet is a coherent hyperechoic bundle with a narrow base that spreads from the transducer to the farther border of the screen. We defined US lung comets accompanied by thickened and irregular pleural lines as interstitial US lung comets ( Figure 2 ). All images were recorded on both a hard disk and photographic film at full inspiration, and interstitial US lung comets were counted by 2 pulmonologists, who were blinded to the results of the other tests and to the clinical data. The number of lung comets was correlated with the findings from chest high-resolution CT, pulmonary function tests, serologic tests, and the 6-minute walk test.
Chest High-Resolution CT Examinations Chest high-resolution CT was performed from the apex to the diaphragm with a high-definition CT instrument (Discovery CT 750 HD; GE Healthcare Japan Corp, Tokyo, Japan) with the patient in the supine position at full inspiration; the slice thickness was 1.25 mm. No intravenous contrast material was administered. The extent of pulmonary involvement of interstitial pneumonia was evaluated by the scoring system of Xaubet et al 18 ; the reticular and ground glass areas were analyzed separately. All images were interpreted and scored by 2 pulmonologists with 20 and 6 years of experience in chest high-resolution CT and treatment of interstitial lung diseases. These investigators were blinded to the clinical data and US findings.
Pulmonary Function Tests pulmonary function tests were performed with a pulmonary function test system (CHESTAC-8800; Chest MI, Inc, Tokyo, Japan). The pulmonary function tests included measurement of the vital capacity, forced vital capacity, forced expiratory volume in the first second, total lung capacity, and diffusion capacity for carbon monoxide. The results are expressed as percentages of the predicted values.
Laboratory Methods
Peripheral venous blood samples were obtained from all patients. The levels of C-reactive protein (CRP), lactate dehydrogenase (LDH), sialylated carbohydrate antigen (Krebs von den Lungen 6 [KL-6]), and pulmonary surfactant protein D (SP-D) were measured. A blood gas analysis included evaluation of the arterial oxygen pressure, arterial carbon dioxide pressure, acidity (pH), and hemoglobin level.
The 6-Minute Walk Test
The 6-minute walk test was performed in a hospital corridor. Patients were instructed to walk as fast as possible for 6 minutes and were given a minute-by-minute countdown. They were permitted to slow down, stop, and rest as necessary when they became breathless or exhausted. If they stopped before the 6 minutes were up and refused to continue, or if the percutaneous oxygen saturation (SpO 2 ) level dropped to less than 80%, the test was terminated. The heart rate and SpO 2 were recorded with a pulse oximeter (PULSOX-Me300; Teijin Pharma Ltd, Tokyo, Japan) at rest 5 minutes before the test, at every minute during the test, and immediately after the test. We also evaluated the pulse regularity and oximeter signaling quality.
Statistics
Statistical analyses were performed with SPSS version 19.0 software (IBM Corporation, Armonk, NY). Descriptive statistics are expressed as means with standard deviations or as numbers with percentages. Correlations between various parameters were assessed by calculating correlation coefficients. P < .05 was considered statistically significant.
Results

Patient Characteristics
All eligible patients (n 5 40) agreed to participate in the study; their clinical characteristics are shown in Table 1 . Twenty-six patients (65.0%) were male, and the mean age was 65.6 6 14.0 years. Sixteen patients (40.0%) had idiopathic pulmonary fibrosis, and 24 (60.0%) had nonspecific interstitial pneumonia. Fifteen patients (37.5%) were treated with a corticosteroid (0.5 mg/kg/d), 8 (20.0%) with an immunosuppressant, 15 (37.5%) with N-acetylcysteine, and 9 (22.5%) with macrolide. Only 1 patient (2.5%) was treated with pirfenidone. The mean KL-6 and SP-D values were 1083.4 6 891.7 U/mL and 207.7 6 295.2 ng/mL, respectively. The mean levels of CRP and LDH (indicators of the extent of interstitial pneumonia activity) were 0.4 6 0.8 mg/dL and 267.7 6 117.5 IU/L. No patient was hypoxemic or on home oxygen therapy. The arterial oxygen pressure in room air was 79.0 6 11.7 torr. The forced vital capacity was preserved (mean, 83.1% 6 23.9%) but the diffusion capacity for carbon monoxide was reduced to 60.7% 6 23.8%. Chest high-resolution CT revealed that 5.2% 6 3.3% of the lung area showed a ground glass pattern and 9.6% 6 6.6% a reticular pattern. Together, the disease involved 14.8% 6 7.3% of the lung area.
Prevalence of Interstitial US Lung Comets
Transthoracic US examinations using the dorsal approach were performed successfully in all 40 patients. The examination time was 10 minutes or less. Pleural abnormalities, including thickened or irregularly layered pleura, were observed in all patients, suggesting a high incidence of pleural involvement. The numbers of interstitial US lung comets on abnormal pleural lines were counted. One or more lung comets were present in 34 , consistent with the predilection of interstitial pneumonia for the lower lung area. The reproducibility and reliability results for detecting interstitial US lung comets between the 2 pulmonologists showed sufficient reliability for performing the study (intraclass and interclass correlation coefficients, 0.800 and 0.911; P < .01).
Correlation of the Total Number of Lung Comets
With the Extent of the Reticular Pattern on Chest High-Resolution CT To explore the relationship between the total number of interstitial US lung comets and the extent of interstitial pneumonia lesions, we correlated the chest highresolution CT findings with the total number of lung comets. On chest high-resolution CT of the whole lung, ground glass and reticular patterns covered 5.2% 6 3.3% and 9.6% 6 6.6% of the total lung area, respectively. Thus, the global disease extent was 14.8% 6 7.3%. Two patients only had reticular abnormalities; the remaining 38 had mixed ground glass and reticular abnormalities. The total number of lung comets correlated positively and linearly with the Xaubet scores (r 5 0.778; P < .01). Notably, the correlation was high only with the extent of the reticular area (r 5 0.710; P < .01; Figure 3 ) but not with the extent of the ground glass area. However, lung comets were not evident in 6 patients with mild reticular abnormalities on chest high-resolution CT.
Associations Between the Total Number of Lung Comets and Pulmonary Function Test Data
Baseline pulmonary function tests of all enrolled patients yielded a mean forced vital capacity of 83.1% 6 23.9%, forced expiratory volume in the first second of 95.8% 6 28.6%, a total lung capacity of 81.3% 6 20.4%, and a diffusion capacity for carbon monoxide of 60.7% 6 23.8%. The total number of lung comets was inversely correlated with the forced vital capacity (r 5 20.614; P < .01; Figure 4A ), forced expiratory volume in the first second (r 5 20.453; P < .01), total lung capacity (r 5 20.626; P < .01), and functional residual capacity Correlations between the total number of interstitial US lung comets (i-ULCs) and the forced vital capacity (%FVC; A) and diffusion capacity for carbon monoxide (%DLCO; B). The total number of lung comets was inversely correlated with both the forced vital capacity and diffusion capacity.
(r 5 20.548; P < .01). Moreover, the lung comet number showed a negative correlation with the diffusion capacity for carbon monoxide (r 5 20.577; P < .01; Figure 4B ).
Correlation Between the Total Number of Lung Comets and SpO 2 Level After the 6-Minute Walk Test
We explored the relationship between the total number of interstitial US lung comets and the SpO 2 level after the 6-minute walk test (no patient received oxygen). The mean SpO 2 level at rest was 96.0% 6 1.3% but decreased to 90.2% 6 6.1% just after the 6-minute walk test. The total number of lung comets showed a weak negative correlation with the SpO 2 level at rest (r 5 20.326; P < .05; Figure 5 , open circles). However, importantly, a stronger correlation was apparent between the total number of lung comets and the SpO 2 level after the 6-minute walk test (r 5 20.751; P < .01; Figure 5 , closed circles).
Lung Comets and Biomarkers of Interstitial Pneumonia
The KL-6 and SP-D levels are useful diagnostic interstitial pneumonia biomarkers, whereas serum the CRP and LDH levels reflect interstitial pneumonia activity. We evaluated associations between the total number of interstitial US lung comets and biomarker levels. However, the number of lung comets did not correlate significantly with the KL-6, SP-D, CRP, and LDH levels. The correlations between the total number of lung comets and data from chest high-resolution CT, pulmonary function tests, SpO 2 measurements, and biomarker levels are summarized in Table 2 .
Discussion
This study provides several major insights into the utility of interstitial US lung comets as a marker of disease for management of interstitial pneumonia. First, transthoracic US using the dorsal approach was always successful; patients with interstitial pneumonia showed a high number of interstitial US lung comets, which were predominantly distributed in the lower lung area. Second, the total number of lung comets correlated with the extent of the reticular pattern, suggesting that the number of interstitial US lung comets likely reflects the degree of fibrosis. Third, the total number of lung comets was negatively correlated with both the forced vital capacity and diffusion capacity for carbon monoxide, suggesting that elevated lung comet numbers imply the presence of mechanical ventilatory limitations and Figure 5 . Correlations between the total number of interstitial US lung comets (i-ULCs) and the SpO 2 level. The total number of lung comets correlated weakly and negatively with the resting SpO 2 level (open circles). However, a strong correlation was apparent between the total number of lung comets and the SpO 2 level after the 6-minute walk test (6MWT; closed circles). impairment of diffusion. Finally, a negative correlation was evident between the total number of lung comets and the SpO 2 level after the 6-minute walk test. It is thus likely that the interstitial US lung comet number is a valuable marker of interstitial pneumonia disease severity.
Interstitial US Lung Comets in Patients With Interstitial Pneumonia
In clinical settings, US lung comets are commonly observed in acute heart failure, in which the lung comets reflect the water-thickened subpleural interlobular septa. [19] [20] [21] [22] [23] Interstitial US lung comets in patients with interstitial pneumonia also suggest thickened interlobular septa because the mean distance between adjacent lung comets in the patients with interstitial pneumonia corresponded to the distance between adjacent interlobular septa on high-resolution CT. 24 However, interstitial US lung comets suggest fibrous-thickened subpleural interlobular septa. It is sometimes difficult to distinguish fibrous-thickened subpleural interlobular septa in patients with interstitial pneumonia from water-thickened subpleural interlobular septa in patients with acute heart failure with transthoracic US, albeit our study excluded patients with heart failure. Based on the underlying cause of the lung comets, the contrasting points between interstitial pneumonia and heart failure are as follows. (1) interstitial pneumonia is characterized by pleural complications; fibrosing lung disease usually involves a thickened and irregular pleural surface, as well as intralobular/interlobular septa; and (2) the number of US lung comets in interstitial pneumonia does not decrease after treatment with diuretics or dialysis, which is not the case for heart failure. Thus, we focused on pleural complications. Interstitial pneumonia is associated with inflammation of the lung interstitium, which triggers fibroblast proliferation and increases the number of collagen fibers, leading to thickened subpleural interlobular septa. 1 In fact, almost all patients with acute heart failure show thin and regular pleural lines. When we compared the US lung comets and pleural abnormalities in the patients with interstitial pneumonia (n 5 40) to those in patients with acute heart failure (n 5 12) in our preliminary test, interstitial US lung comets were observed only in the patients with interstitial pneumonia (100% versus 0%; P < .01, v 2 test; online Supplemental Figure A) . The 12 patients with acute heart failure were recruited from among hospitalized patients, and the underlying causative diseases were ischemic heart disease (n 5 3), heart valve disease (n 5 4), arrhythmia (n 5 2), cardiomyopathy (n 5 1), hypertension (n 5 1), and renal failure (n 5 1). All patients had New York Heart Association class III or IV symptoms and pulmonary congestion and had no interstitial lung disease. None of the patients with acute heart failure had thickened or irregular pleural lines. Therefore, we focused our attention on interstitial US lung comets that were specifically indicative of pleural complications, including fibrousthickened and subpleural interlobular septa.
Comparison of the Interstitial Pneumonia Lesional Extent on Transthoracic US and Chest High-Resolution CT Figure 3 shows that the total number of interstitial US lung comets correlated significantly with the extent of the reticular, but not ground glass, pattern on chest high-resolution CT. The distance between adjacent US lung comets in reticular and honeycomb abnormalities caused by well-established fibrosis is 7 mm; however, that in ground glass abnormalities reflecting histopathologic changes attributable to inflammatory cell infiltration is less than 3 mm. [25] [26] [27] The fact that the mean distance between two adjacent lung comets was 6.8 6 1.0 mm in this study (data not shown) is consistent with the suggestion that interstitial US lung comets reflect reticular and honeycomb abnormalities. It is likely that the total number of lung comets reflects the extent of the reticular, rather than ground glass, pattern. However, lung comets were not detected in 6 patients with mild reticular abnormalities, implying that US is less sensitive than chest high-resolution CT. Figure 4 shows that the total number of interstitial US lung comets was negatively correlated with the forced vital capacity and diffusion capacity for carbon monoxide, suggesting that a greater number of interstitial US lung comets are associated with mechanical ventilatory limitations; gas exchange is impaired because of diffusion problems and the presence of a ventilation-perfusion inequality. Notably, the total number of lung comets correlated strongly with the SpO 2 level after the 6-minute walk test (Figure 5) , suggesting that the total number of interstitial US lung comets reflects the extent of arterial blood oxygenation. Exercise-induced oxygen desaturation is frequently observed in patients with interstitial pneumonia and is often the first sign of disease. Such desaturation is attributable to multiple pathophysiologic impairments, including mechanical ventilatory limitations, gas exchange difficulties, pulmonary vascular insufficiency, and peripheral muscle dysfunction. 28 Therefore, the correlation between the number of comets and SpO 2 level after the 6-minute walk test was stronger than all of the other correlations observed. However, we found no significant correlations between the total number of lung comets and the levels of interstitial pneumonia biomarkers, including KL-6, SP-D, LDH, and CRP (Table 2) . A possible explanation for this finding is that the biomarkers may index the extent of disease activity, rather than the irreversible fibrosis reflected by the number of lung comets. 29, 30 Clinical Implications Prognostic factors predictive of interstitial pneumonia severity include the following: (1) the histopathologic score, 2,31,32 (2) the initial response to corticosteroid treatment, 2 (3) the fibrotic score yielded by highresolution CT, 2,3 (4) resting pulmonary function, 4,5 and (5) exercise-induced hypoxemia (SpO 2 88% on the 6-minute walk test). [6] [7] [8] All of the latter 3 factors correlated moderately with the total number of lung comets in this study. Together, our data suggest that the number of interstitial US lung comets might predict interstitial pneumonia severity. Transthoracic US is cost-effective, noninvasive, highly reproducible, and simple, does not involve exposure to radiation, and can be performed at the bedside. Thus, the technique may be used to repeatedly check interstitial pneumonia progression.
Relationships Between the Total Number of Lung Comets and Other Clinical Parameters
Limitations
Our study had certain limitations. First, our sample size was small, and pathologic diagnoses were available for only a few patients. Second, we did not examine the effect of drug treatment. We could not rule out the possibility that these therapeutic agents were possible confounders. Third, this work was a cross-sectional study, and there were no data on the value of serial measurements over time, so a cause and effect could not be established. Further work with larger groups of patients is needed to validate our findings and to further assess the prognostic utility of the number of interstitial US lung comets in terms of mortality and acute exacerbation. We plan to longitudinally analyze lung US data in the near future.
Conclusions
Interstitial US lung comets are common in patients with interstitial pneumonia. The total number of interstitial US lung comets may reflect the reticular extent of interstitial pneumonia and may be a valuable marker of disease severity.
